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LoeeiDRODUCTION 


The basic function of a thermal-seeking-head missile is 
to track on a surface vehicle using the vehicle's radiant 
intensity. This operation is based on the fact that a moving 


vehicle shows a generally higher surface temperature that 


the environment. Reasons for this are the existence of 
operating engines, resulting in both increased engine room 
temperature and "hot" combustion products exiting into the 
atmosphere from the stack, the), opezationy of) a Pnumber of 


devices which result in heat generation, the requirement for 
certain compartment temperatures comfortable to the crew, 
and the incident solar energy on the painted metallic 
vehicle surfaces. 

Exact information about the heat seeking missile charac- 
teristics is not available because of their classification. 
Hence our study will be a parametric one in order to examine 
the relative influence of a number of parameters on the 
vehicle thermal signature which is quantified by the signal 
to noise ratio of the thermal detecor head. The range of the 
parameter values will be chosen using both experience and 
wunelassified information. 

Exceptional cases such as operation of the vehicle close 
Eo, the. coast.or,other vehicles, which could have similar or 
higher temperatures, will not be considered. At this point 
we must realize that the thermal interaction of the vehicle 
with the environment is a very complicated phenomenon, and 
its exact determination for the different parts of the ship 
body is outside of the scope of the present work. Instead we 
fase consider a Simplified case of uniform. jiinteraction for 
Fail the ship parts with the environment (convection, radia- 


Eon, Solar absorption energy,)..and.will limit the source for 


3 


the thermal head detector enviromental noise only to that of 
the sea water. 

The main procedure steps of the present study will be : 

To create a simplified model for the calculation of the 
vehicle body temperature and to show what parameters affect 
ligand amwhat direction’ 

To determine the "hottest" vehicle area and combining 
with the operating characteristics of the missile to calcu- 
late the dimensions of the tracked area of the vehicle. 

To calculate the total radiant intensity of the tracked 
area of the vehicle in a certain wavelength range, where the 
thermal detector head is operating. 

To calculate the atmospheric transmittance, using 
LOWTRAN 6, for each given combination of the parameters of 
our interest in the given detector wavelength range and 
consequently the radiant heat flux detected by the thermal 
head. 

To create an appropriate detector model that could show 
optimum operation for the conditions of our problem, and 
finally to* calculate the creating signal-to-noise, 7arcie 
which quantifies the vehicle thermal signature and describes 
the detector operational quality. 

To discuss the relative influence of all the pertinent 
parameters and to propose certain considerations about both 
the vehicle and the missile. 

Without expecting significant quantitative importance 
for our results, due to the simplifications that have been 
made, their qualitative importance must be more remarkable. 

Parameters that will play significant roles in our Study 
will be 

vehicle internal temperature, 

vehicle body paint emissivity, 

sky ~conditien, 


sun elevation angle above the horizon, 
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atmospheric profile, 

missile vilzieht altitude, 

imstantaneous® “Field jofonViews (LAF:V. ) created by the 
detector's optic system, 

detector material, 

The present work consists of five Chapters. In the first 
Chapter we state the assumptions of the problem, we calcu- 
late the vehicle body temperature, and we determine its 
"hottest'’ area which is tracked by the detector. In the 
second Chapter we use the LOWTRAN 6 program in order to 
determine the atmospheric transmittance and in the third 
Chapter we calculate the total vehicle and background 
fadtant intensity incident on the tracker aperture. In the 
fourth Chapter we calculate the detector signal-to-noise 
faero for all the possible combinations of the parameters, 
and finally in the fifth Chapter we discuss’ the relative 
importance of each parameter and we suggest ways that could 
improve both the vehicle thermal signature and the detector 


operation. 


qu) 


II. SHIP MODELING 


In order to create an exact ship model, it is necessary 
to acquire a Significant amount of empirical data. For the 
present study, and for several reasons, the available data 
are limited, and are based only on the unclassified litera- 
ture given inthe first six references, with relatively 


reasonable assumptions. 


A. ASSUMPTIONS 


All compartments of the ship have a uniform temperature 
of 20°C=293.15K except the main engine rooms 1 and 2, which 
have a temperature of 30°C=303.15K. 

The stack exit temperature is uniform and we study the 
heat radiation from the exit plane neglecting the plume 
radiation. Reasons for doing this are the non-uniformity of 
the plume geometry and temperature distribution, and the 
fact that it is cooled significantly in a relatively short 
distance from the exit plane [Ret. Si]. We choose as stack 
exit temperature 306°F=152.2°C=425.4K 

In order to account for the heat convection from the 


ship to the air we will use the relative wind-speed of 30 


Knots. For this case we will have forced convection with a 
heat transfer coefficient in the range of 5 to 10 (Biuye 
FT*R) or equivalently 28.4 to 567.8) (W/M- Kn We will not 


account for the heat leakage from the ship body to the sea 
water or for the heat loss due to the vaporization effect on 
the wet surfaces above sea level. For this reason and in 
order to be closer to reality we choose for our heat convec- 
tion losses calculation the value of 10) (BIU/H FI-R) or seme 
(W/M?K) as representative for the convection heat transfer 


coefficient. 
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The present study will be in Mediterranean atmospheric 
conditions and more specifically for the area of the Aegean 
Sea. We will use two atmospheric profiles i.e. Midlatitude 
summers vEor Smonths Getobero through April and Tropical «for 
months May through September. The corresponding ambient 
temperatures are 21°C=294.2K and 26.6°C=299.7K respectively 
Ret) 06]: 


B. GEOMETRY AND MATERIAL OF THE SHIP 


imioeueires 2.1 and) 2:2 you will find the ‘ship side and 
top view respectively with the appropriate dimensions. 

The material of the ship lower body construction is 
constructional carbon steel with thickness 13.5mm_ and 
enermal conductivity 54 (W/M K) [Ref. 9]. 

The material of ship body superstructure is duralaminum 
with thickness 3mm and thermal conductivity 164 (W/M K). 

These small values of the thickness and the high values 
of the thermal conductivities for both materials result in 
negligible temperature gradients inside the materials. Hence 
it is reasonable to assume a uniform temperature throughout 
the thickness of both materials. 

Both structures psare painted with gray paint. i.e. the 
emissivity and absorptivity will be spectrally independent 
and equal between them. A typical value for oil paint emis- 
Sey a vavsonpuimutysors 4 OL94n—Ret. clO p07 je and) for © Ta 
eray (paimt is 0.8/7 [Ref 4:p.278)\© both for |’ temperatures 
300K. From these values we observe that the available data 
give us paint emissivity - absorptivity values in the range 
Gre0. 90. Based on the facts that these values) pillay ‘a sienif- 
icant role in the determination of the ship body temperature 
and that intensive research resulted in the production of 
new paints with half the values of the already existing ones 
Bec we will wse two i(2)) “datterent: “values i.e. 0.80, 
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0).:5.5 Therefore we cover the useful range of the existing 
and the newly developed paints. At this point we must note 
that we don't have any available information .about selec- 
tively absorbing paints that could exist cand “give omthe 
minimum possible thermal signature and our assumption about 
the equality between emissivity and absorptivity is inevi- 
table as a first approximation. Moreover the solution of the 
problem for two (2) different emissivities constitutes a 
good research point for the relative influence of this 
factor. 

The emissivity of the interior surface of the ship body 
will be approximated as that of stainless steel which is 
0.44. [Ref. 4Gip.278) 


C. SOLAR HEAT FLUX IN THE SEA LEVEL SURFACE 


In Figure 2.3 you will find the illuminance levels on 
the surface of the earth due to the sun for three different 
sky condast 1 onsa) aster Unobscured Sun, Sun with Light Clouds 
and Sun with Heavy Storm Clouds as a function of the eleva- 
tion angle above the horizon. These three sky conditions and 
the elevation angle above the horizon will be two more 
parameters in the solution of our problem. 

Since the given values in Figure 2.3 are in photometric 
units (Lux) and we want to convert into useful radiometric 
units (W/M?) we have to determine a conversion factor. 

We know that the maximum incident solar flux on the 
earth surface is) approximately 900) «(W/M?)— [Ref 7 0ip. iia 
This. value coresponds’ : to 1.5¢20° -(Lux), ands therefore stie 


conversion factormuiwidd jibe: 


CF = 900° 7 1.15°10- = SsZeel0>  CwyMus) 
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TABLES! 
Normal Component of Solar Heat Flux on a Surface at Sea Level 


SUN WITH HEAVY STORM 
CLOUDS 


SUN WITH LIGHT CLOUDS 


UNOBSCURED SUN 


ANGLE 


ELEV . 
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Using this conversion factor and the values of Figure 
29s we obtain the normal component of the solar heat flux in 
wii.) on a Surtace at sea level.” Table 1 demonstrates the 
above values. 

In order to calculate the values of the solar heat flux 
fadvimne obliquely on “a surface we must introduce the inci- 
dent angle O and multiply the values of Table EP by *coss’. 

Hor a “vertical face the angle © is identical with the 
elevation angle above the horizon. Fonda hogaizontal face 
i.e. the deck in our case, the angle 0 is the complement of 


elevation angle above the horizon. 


De CALCULATION OF SHIP BODY TEMPERATURE 


SURFACE 


On Pr 
| 


CONTROL ' 
VORUITE, 


Figure 2.4 Control Volume for Determination of Ship 
Body Temperature 


In Figure 2.4 you will find the appropriate control 


volume of the ship body and the pertinent energy flows that 


are related with it. For simplicity the control volume has 


7A) 


unit area exposed to both the environment and the _ ship 
interior: More specitrealiv: 
&.. 1 paint enussavaucy, 
aos paint: absomptiyvity, Cés= sas) 
En: emissivity of the interior surface. (Em= 0.44 ) 
To : ambient temperature 
Im: ship compartment temperature | 
Ew: normal component given by Table 2 
Q,: net heat exchange of control volume with the 
environment 
Q,,:; net heat exchange of control volume with the 
interior of the ship 
h : convection heat transfer coefficient with themaae 
The absorbed solar heat flux is Ey*a,. The net heat 
exchange with the environment is due to heat radiation and 


heat convection i.e. 
Qe -eg( T*-t3, ) he fiow (2 


The net heat exchange with the interior is due only to heat 


Pata VOM 94s ses 
Ona Le oan 22 


Energy balance of the control volume under thermal equilib- 


rium gives: 


Ens 6.00 Pte hci) eco Tin, ) (2089 
or 
F(T) =(€.+€) OT“ +hT-o(€,T,' +éal4 ) ~hT- Egy® ae =0 (2 Mey 
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Equation 2.4 must be solved numerically. We will use the 
Steffensen Recursive Method [Ref. 11]. Thehadea ofthis 
method is that starting with an x close enough to the exact 


solution S of the equation F(x)=0 then the sequence: 


Sea | BAe) et (ke PE (XK) ME ex) | (225) 


will converge very fast to the exact solution Si 

In our case the equation is F(T)=0 and we are looking 
foro the>value of TSthat®satisfies it. 

In order to obtain an initial value so that our sequence 


will converge we use the value: 


Tin= [ (Egy? ae +&0T," + &,0Ty ) / (€o+€m) o] /4 G27 55)) 


The above initial value of T does not account for the 
heat convection and for our purpose gives acceptable initial 
values. Finally we stop the recursive formula when |T,,-T,, | 
Eo less sthandor equal,-to 10°. 

In Appendix A, Tables5 through 18 demonstrates the ship 
body temperature for both horizontal and vertical faces, for 
all the combinations of two (2) atmospheric profiles, three 
(syedaiierent sky conditions, two (2) internal (T.,) tempera- 


tures and two (2) paint emissivities. 


Ee DETERMINATION OF THE SHIP “HOTTEST” AREA 


From the calculations in section D,we observe that the 
higher ship body temperatures happen to be in the region of 
the two engine rooms (higher internal temperature). 

From the ship geometry, it is obvious that the dimensions 
of the engine room No 1 are greater than those of engine 
Zoom No 2. Therefore the total radiant intensity (W/Sr) of 


engine room No 1 will be greater since for both regions we 


Bi 


have the same normal components of radiance (W/cm?Sr). In 
addition to that to each engine room there corresponds the 
Same stack geometry also going a 'hot' region too. 

Under this simplified assumption we conclude that for a 
heat seeking missile head the area of engine room No 1 from 
the stack exit all the way down to sea level is the most 
Significant region. | 

At this» spointeateyzs necessary to couple the ship with 
some characteristics of the missile detector operation. 

Without getting involved in details of the detector 
operation, which will be studied in later sections, we will 
determine the detector Instantaneous Field of View (I1.F.V.), 
so that we will know exactly the dimensions of the ‘hottest’ 
area which will be tracked by the detector and therefore we 
will be able to calculate the amount of radiant energy that 


willbe, transmitted —to.the missite: 


F. DETERMINATION OF THE DETECTOR INSTANTANEOUS FIELD OF 
VIEW 


The following range of data is based on our experience 
and research, aiming to calculate a reasonable and useful 
Eek av. In Figure 2.5 you will find the correspondimge 
SeEOMerLy . 

The range of the missile flight altitude will be from 


50m to 100m above sea level. Since we want to reduce as much 


as possible the background noise, the detector must have an 
inclination with respect to the horizontal. We choose the 
range for this inclination (angle@¢ ) from 2° degrees to 5° 
degrees. 


From general cosideration for the detectors [Ref. 4] we 
know that I.F.V. is asfunection,of!thes hottest ashipharee 
that the detector has to track. 
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POEeUReCMMCreCation af DIR aViUsitlrisinecessary ~thatthe 
@etector accepts radiation from inside an area which is 
related to an angle 26 generated by the detector mirror 
system as in Figure 2.5. . From the same figure we conclude 
the following: 

@ = 90°-¢ -6 

BC = AB + tan@ 

AGi= (AB* + FBCe) 4 

CF = AC*sin& 

CG = 2CF = 2AC*sind = SIDE 

AF = CG/2tan6 = PATH 
Where: 
CG represents the side of the I.F.V. 
AF represents the distance or path length between detector 
and, the I.F.V. 
ABe= Hi: flight altitude 

For simplicity we will consider that the shape of I.F.V. 
Hoesquare with side equal ‘to CG of Figure 2.5 

in; Appendix B Tables 19 through 29 demonstrate the 
warues, of PATH and SIDE for all the. possible combinations of 
> > 6S and H. Program SHIP 1, in Appendix E, has been used for 
the calculation of the above values. 
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G. DETERMINATION OF THE DIMENSIONS OF THE TRACKED SHIP AREA 


In the previous section we have shown that the detector 
will track on the area of engine room No l. 

In Figure 2.6 you will find a three-dimensional sketch 
for the engine room No 1 area. Before we start the calcula- 
tions of the different surfaces we will explain why the side 
of I.F.V. is greater than the width of the engine room No l 
which is W,=1,620cm. We tcomsider “acs? usetul that the 1L.F.V. 
will include the whole area between sea level and the stack 
exit plane. The total height of this dimension is: 

pt Het Ha? He =/7 207+ 900+3 60+ Y80=2 ; l60 em 

From the, Tables | 13 to 24,);we choose for each flight 
@itatude and for constant 6=0:56° the minimum SIDE that is 
greater than or equal to 2.160cm 

Table 2 demonstrates the results of this choice 

Based on Figure 2.6 we will now determine the character- 
gatacs of each individual surface. 

A= Wie By 
Vertacal, face) 
yaa 1303 . 15K 


Aw = (SIDE “2 Wy eH. 


Vertical, face 


Dine 29 St SK 

Ag= Wie Ha 
Horizontal face 
Tm= 303.15K 


Ajy= (SIDE = W, isin 
Horizontal face 
Tw= 293. LOK 


Sul 


Peay ,,3829930H,, 


ayy FO YOJAYS TeuotTsusutg-se1y] 9°Z xPINn3Ty 


(*Atd°1) MetA JO Plet z= SsnoOsuejuUe sug JO Poly —=—-— 
WOOY SUTSUY jo Pedy —--—--- 


a2 


TABLE) 2 


Final,Chotee.. for the Dimensions ofc1I.F.V: 


ee ee Ee 


HEIGHT SIDE PATH DELTA PHI 
FLIGHT (m) (m) 

Moma 21-ee° | tit9 34° |"*0l5e"°* | ao 7 
CON CONPI IA ye |) ld 328950 | aOudo%. De 6 
EO Gee Ode |edd27 25p |neOt56%s0 cha a0 
O(a) 224,096019 1129884 ohm O056% ule co Onna 
Gib 2 dapeieiiai 664.) Of56%urne| Dae 
SiOMGnOee oe dies  ledUsae72arincQase° | *| | a 


| | 


A,= SIDE * Hs 


Vertical face 


faa 2093's LOK 
Ay= W., ° Hy, 
Vertical face 
twa 303. 15K 


mae this point we must notice that surface Ag corresponds 
fo the stack and,since we don't have information about the 
insulation of this structure, we approximate its temperature 
Wien that of the surface with T = 303.15°K 
Mea 3 e lO" em? 
Horizontal face 
Tn= 425.4K 


Az= SIDE*H, - (1/4) We 
Horizontal face 
time 2936 15K 
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For the order of magnitude- of PATH i.e. the distance 
between missile and ship we will approximate the thermal 
emission of each individual surface as point source emis- 
sion. These “point| sourees= will bex 
(Ap+ Aus), (Ag+ An) Ass WAGs pass Aes Ae 
with corresponding mean altitudes from sea level: 

Hw= Hyu= Hy / 2 
Hw= Hwe Hi 
Huse Hi + Hy / 2 
Hw= H, + Hy+ Hy /2 
Hae Hy, + Hy + Hat Ney Z 
Ace Hy + Hatesi te ile 
Hy ace 
The data for the above calculations are: 
W, = 1,620cm 


Hi= 720cm 
H,= 210cm 
H;= 900cm 
H, = 1,260cm 
W, = 900cm 
H,= 360cm 
Hs= 180cm 
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III. ATMOSPHERIC TRANSMITTANCE USING LOWTRAN 6 


A. DESCRIPTION OF LOWTRAN 6 


‘-LOWTRAN 6 is the latest issue of LOWTRAN code that has 
been designed to calculate the transmittance of the atmos- 
phere over spectral bands from 0.25pm to 28.5pm along paths 
ef various inclinations and, of ,course,,. through different 
atmospheric profiles and parameters. 

In order to use LOWTRAN 6 program we have to fill four 
(]o) eCards (groups) of input data. 

Cards 1 and 2 require the significant meteorological 
parameters for the atmospheric profile. Card 3 requires the 
geometry of the problem i.e. initial and final altitude and 
the path length. Card 4 is related to the wavelength range 
and Limits . 


B. DATA USED 


For card 1 we used data for the Mediterranean Sea and 
more specifically for the Aegean Sea area and the region. 
from Crete to North Africa. 

mot) thas area we have two different atmospheric 
profiles, namely Midlatitude Summer for months October 
through April, and Tropical for months May through September 
fer. 6]. 

Bor card 2 we used again data from fRef.. 6], foreach 
month individually and for card 3 we used all the possible 
combinations between final altitude and PATH from Table 2 
and for the initial altitude the mean altitudes of each 
Becunmt Source of the “hottest ship area as.. given, in 
Section G of Chapter [E1. 


eI) 


At this point we have to choose one more parameter that 


will be needed for our problem : the wavelength range of 
the detector operation. We decide that this range will be, 
in first approximation, in the 5um window (i.e. A=z4.20pm - 
\ea5:.. 18pm) [Ref. 4:eh Ss, préo le 

Lowtran 6 has the advantange of giving us, besides the 
average transmittance between two limits, the spectral 
transmittance as well. From this Spectral distribution we 


can reject certain values of very low spectral transmittance 
and therefore the wavelength range can be narrower. This 


peculiarity will have an influence on card 4. 


C. GSserTs 


Running LOWTRAN 6 for all the flight altitudes of the 
missile and for both. Midlatitude, and. Tropical atmospheric 
profiles, we observed that, for wavelengths less than 
4.435um and greater than 5.0Opm, the spectral transmittance 
generaly shows values less than about 0.10. Deciding to 
reject these low values we choose as’ the final spectral 
range of the detector operation to be from 4.435tm_ to 
5.Oum 

In Figure 3.1 you will find the spectral transmigeamee 
in the above range for both atmospheric profiles. 

Using the final wavelength range we calculated the 
average transmittance for all the possible combinations 
between atmospheric profile, missile flight altitude and 
individual "point sources" of the ship’s trackediegaeeae 
Tables 23 to 46 in Appendix C demonstrate both the data and 
total average transmittance for each month. 

From the data of the above tables, it is obvious that 
the influences of both missile flight altitude (from 50meee 
100m) and the relative differences between the individual 


“point source” altitudes (4m to 16m) are very weak on the 
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average transmittance. Averaging in both directions in this 
two dimensional table results in a unique representative 
value for each month. Checking these average values we 
observe again a relatively small difference between months 
belonging in the same atmospheric profile. Since a unique 
value of average transmittance of each atmospheric profile 
would be very convenient for the calculations to follow, we 
average over several months yielding the following final 
values: 

Midlatitude summer : 0.4711 

Tropical: 0.4259 
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IV. CALCULATION OF SHIP AND BACKGROUND RADIANCE 
A. NORMAL COMPONENT OF SHIP RADIANCE DUE TO THERMAL 
RADIATION 


wine purpose , ol Ehas calculation isstosfind, by inte- 
grating the Plank's radiation law, the radiance in the given 
wavelength range. 


From Plank's radiation law we know that: 


he 
MNGi = b2 mega 2 epee a) Gy / cm2..em) 
or 
(on 

M GE) 4=C.A2/.(e=% =. 1) 
where: 

Cua mer h— 3.74 15180 '* » (Gwsieme)) 

e, =he/k=1.4388 (cmeK) 
The above formula is in the form of: 

MCL )acex™ Ge = 1) 

Integrating this between the band | Lames Ay. dys We wa Lt 

fipd the in-band energy radiance [Ref. 4:p. 19]. 


Therefore: 


3, 

Ly= €/n/M,(T)dy=[Ciee/ Co] *T*9>, (W/cm? *Sr) 
AL 

Where: 


Kz 
Ri 


an . 
> =|2_-°m*[ (mex) ?+3(mex)?2+6(mex)?+6mex+6]e**| 
m™meaL 
and x=C,/AT 
2-21 m* [ (mex 2+ 3 Gnex )*+6mex+6] - 
e-*m[(mex )?+3(mex )2+6mex+6] 
tthe above ~cselataons, the temperature T is taken from 
Tables 5,.18 in Appendix A. 
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B. NORMAL COMPONENT OF SHIP RADIANCE DUE TO REFLECTED SOLAR 
ENERGY 


We have already calculated the normal component of solar 
irradiance E incident on each ship surtace: In the energy 
balance calculation we considered that the solar energy 
absorbed by -.the surface is Kea, Obviously: the amount 
(l-a.)*E,is reflected. 

Defining as D(0-A) the percentage of the solar constant 
associated with wavelengths shorter than A we take 
(Ref. -4ép.5 V7aic 

D(0-4.435)=99.3075454% 
D(0-5.000)=99' 5115007 
Therefore 

AD=D(0-5.000)-D(0-4.435 )=0.2039546% 

In conclusion we have that the normal reflected solar 
energy per m? from A=4.435pym to AyA=5.00pm is: 

(1-ap )* AD*Eyy=(1-a, )°2.04°10°% *Exy (W/m? ) 

In order to determine the normal component ‘of, radiance 
due to reflection we must divide the above value by tT and in 
order to transform into- cm? we must divide by 10°? -Finaligy 
the normal component of radiance due to reflection in 
(W/cm?*Sr) from =4.435pm to 2 =5.00pm will be: 

Lray= (1-ae )°2.04°107 E,,/m ° 10*=(1-a, )*4.08°10% °E,, (W/cm? °Sr) 


C. NORMAL COMPONENT OF STACK EXIT PLANE RADIANCE 


So far we know that the stack exit plane area is 
4.43°10* cm? and that the corresponding uniform temperature 
is 425.4K. 

For simplicity we consider that the greater part of the 
exaust gas is CO,. Since CO, is a selective emitter we need 
to carry out the approximation shown in Figure 4.1 which 
partially accounts for atmospheric absorption and approxi- 


mates the peak with a constant emissivity over a limited 
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Corrected tor adsorption 
a by aimsspneric CO, 
« 


Analytical 
approximation 


z 
* 
i 
g 


44 4.6 
Wavelength (microns) 


Figure 4.1 the 4. 4um’ Emission Band of CO [Ref .12] 


range. Taking the band to be from 2%=4.35um to ”21=4.55um 
and the OU 0.5 we find for the radiance: 
1 =f sda = (€0T * /r fm. da/ [My da= Geol) ies(04.105») 
=a B)e CSG oO isl(4 2524) 0 (0205 )i/ 
=ea7o°¢ LO ssw cmieSr) 

Sinee sour. band of, interest overlaps .with -hhalé ) of the 
4.4m emission band of CO, the above value must be divided 
by 2. Therefore: 

Eo lor Wy em? ?Sm) 


D. TOTAL SHIP RADIANT INTENSITY IN THE DIRECTION FROM SHIP 
TO MISSILE 


As mentioned in Section G of Chapter II, we will consider 
Bhlemsurtaces (A, +A), (Aa +Ag,),, As, Ay.—As-y Ac sy -Ay,; as “point 
sources". For each source we know the corresponding radiance 
due to thermal radiation and reflection i.e. 

Ly =La,+Las, 
Lira =Laant Lraay 
Lra =Layt+bearg 
Lag =Lanat Laoag 


Lrs =Laay+Lpars 
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Lry =La,, +Learn 

Lrs =Layg tLroas 

Lrz =Lay +Lenrs 
For Lre we have the unique value given in section C of 
chapter III 

In order to obtain, the normal radiant intensity je) 

of each surface we must multiply the corresponding values of 
each area and radiance. Doing this we take: 

Tun =Lm eA, thaw? Au 

Tan =LreAg + Ly? Aa 


Isn =LrseAy 
Tuy =Lra? Ay 
Igy =IrseAs 
pe eas 
Tew =Ly* Ay 


The important magnitude for us is the radiant intensity 


in the direction of source - missile. 


WAAL AAA EE 


Figure 4.2 Relative Position Between Surface- Missile 


In Figure 4.2 you will find a sketch representing the 
relative position between the surface and the missile. Based 
on that we conclude this the radiant intensity will be: 


E=1,*eosx for a vesctueal skace 
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T=iy*sinx for a horizontal face 
where x=sin? (H-Hs»/ PATH) 
The resulting relations will be: 

I, =Iw*cosx 

I, =Iwesinx 

Is =Izy* cosx 

Tg =Iyy° coSsx 

Ig =Isn* cosx 

I, =Kne Sinx 


I; =Ga*sinx 


E. BACKGROUND RADIANT INTENSITY 


In the ideal case in which the detector tracks perfectly 
on the ships "hottest" area and the square I.F.V. walla <6 it 
perfectly on that the detector will still see some areas 
emesade of the ship. This is due to the fact that the upper 


Construction of the ‘ship, has ‘not a perfect rectangular 


Shape. Therefore the detector will receive signal from an 
area of the sea that radiates behind the ship. Since this 
gignal constitutes noise. for the detector, it has important 
meaning. 


In Figure 4.3 you will find the geometry from which we 
will determine the background radiant intensity. We must 
notice that the sketch in Figure 4.3 has been magnified for 
convenience in the ship region. In other words angle (0+S) 
Hemvery close to 90° and the side of ELF.V. AE) us) ASE, is 
practically equal to the ship dimension ABC. 

AB represents the height of surface A; [Figure 2.6] from 
the sea level or AB=H,+H, 

BC then represents the path through which’ the detector 


will see the sea area FG past the stack. 
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The width of this area is (SIDE-W, ) which represents the 

free horizontal dimension over the surface Aj. 
From the geometry of Figure 4.3 we have: 

DS=AS-SIDE 

@, =tan* (DS/ PATH) 

Q, =6-Q. 

MA=PATH/cosS 

@=cos* (H/MA) 

PF=H*tan(@+6+Q, ) 

PG=H*tan(6+26) 

FG=PG-PF 

OQ, =O+6+OQ, +02 /2 

MK=H*tanQs 

AREA=FG* [SIDE-W, ]*cos@s 
Table 3 demonstrates the result of the above calcula- 


eroms for\/six different flight: altitudes. 


TABLE 3 


Geometrical Parameters for Observed Sea Area 


: 


1 


EHO), 5 'Sits 4.90 
Pee [ea fer fa 


For the sea water we know that the average temperature 
imethe weographical area of our interest is 13°C=286.15K for 


Midlatitude Summer and 18°C=291.15Kfor Tropical atmosphere 
[Ref. 6]. 


| SG 
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For the sea water emissivity we chose the value of 0.96 
[Ret Oem. Ov]. 

For the calculation of the normal component of the sea 
radiance (W/cm’**Sr) in the range \=4.435um to A.=5.00um we 
will use again the formulas from section A) of§) chapter. 
This value must be multiplied by the water emissivity 
=0.96. For convenience we consider the observed area of sea 
as ia point source. 

The normal component of the radiant intensity of this 
point source it wri be: 

Ty la PAREA 
And in the direction leading to the missile will be: 


Tw = Tuy? COSO 
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A. DETECTOR SYNTHESIS 


We already studied the geometry of the detection problem 
which shows us what the detector is required to do, and of 
course from this side we are interested in the most real- 
istic performance of the detector. Since we do not have 
available experimental data that could show us the perform- 
ance of the detector element we have to choose this 
according to the literature. 

From Figure 5.1 [Ref. 10] the possible choices for the 
detector include photovoltaic or photocontactive Indium 
Antimonide and Lead Selenide. The detailed data sheets for 
these detectors [Ref. 12:pp.365-368] show the relative 
advantages and disadvantages of each. When they are compared 
Gnwwehe) basis... iof....D*, photovoltaic Indium Antimonide is 
eleaety the best detector. | A| possible) difficulty with this 
conclusion arises when the responsivities are compared and 
it is noted that value of Lead Selenide is 10 times higher 
than it is for the other two types of detector. In an ideal 


operating environment, that is, in which there are no extra- 


meous sources of noise, the designer is interested in the 
fiesta - to = noise ratio: of|the.detector!, as described by 
D* and not the signal level, as described by responsivity. 


In advance we know that during the experimental trials 
photovoltaic Indium Antimonide had the better performance. 
Therefore we are led to the decision to use one element of 
photovoltaic Indium Antimonide, and we can see the detailed 
Baeaetox thas material in Figure 5.2 [Ref. 12:p.368]. 

This one element will be placed -in the middle of an 


assumed two Mirror System as in Figure See with 
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Indium Antimonide (InSb) 


Type: Photovoltaic. 

Element From0.1 x 0.1 to 10x 10 mm. 

sizes Rectangular elements from 

available: 0.1 mm wide. Circular elements 
with diameters from 0.! to 10 mm. 

Time Less than | usec. 

constant: 

Dynamic 2-5 < 10* ohm. 

impedance: 

Responsivity: 2x 10*VW7'- 


D* (peak) 
D* (500°K)’ 


D* (4, 1000) cm(Hz)* W-! 


1012 
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Noise voltage, V(Hz)~ 


r= 
oO 


10!° 
100 1000 10,000 1014 1035 10!6 1017 


Frequency (Hz) Background photon flux (0-5.4y), 
photon cm~2sec ~! 


Papurce? S225 5) Data Sheet for Photovo 


ltaic Indium 
Antimonide Detector [Ref. 12] 
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reflectivity 0:.9-—elaech mirror and total of two iA 
=|Or9'*10), 9 =O). 810. The detector will be - considered to be used 
with a two-mirror system designed so that the detector 
element will subtend area equal to the I.F.V. at a distance 
of PATH. Thus we have to determine the size of the sensitive 


element (detector). 


SEARCH 
F REED 


SENS Rey 
ELEMENT 


Figure 5.3 System of Two Mirrors in the Receiver 


We know that the area of the detector A is given by: 
Ay =wet* 
where 
w=Instantaneous Field of View in (Sr) 
w= (SIDE*SIDE) / (PATH) 2=(2200*2200)/(PATH)? (Sr) 


50 


f=equivelant focal length 
and for PATH we have to use the values from Table 2 which is 
munction of the flight altitude. 

For the our purpose of work a very good and accurate 
approach to calculate the equivalent focal length of the 
system of two mirrors is the following. 

First we have to choose the diameter of the entrance 
aperture D,=l2cm. This dimension is good enough to have an 
aerodynamic shape in the nose of the missile. Thus from the 
Figure 5.3 we have: 

(AB )?=(A0O)?+(0OB)?=72 and AB=8.4cm 

(20) =(AG) 27+(CO) 2 or 

(EO) =~ AG) (4G) *— (0) 2 (Ab 2) — 

=O) 46 (854.9 12) c= 7.9 oem 

and CO=4.24cm 
We can define the distance CO as the equivalent focal length 
£=4.24cm 
And 

Apawer*=(2200)2* (4.24) 7) (PATH)? 

Substituting the values of PATH for each flight altitude 
gives A and the Square root of *+thias“gives us the ~sideée of 
the detector element.Table 4 demonstrates the dimensions of 
the detector element shows that with reasonable detector 
meaemene To F.V.5 attaboutyilil25 ‘meters slant path range will 
include the hot region of the ship regardless of the flight 
altitude. 


B. SIGNAL VOLTAGE 


The general formula ets Sa Tes the signal voltage is: 
Vs =[ArmeR/ (PATH) ?]*[ f Tyran dl 
Where > 
A.o:Area of entrance aperture 
Ba 0 De 4=71.13. Lem? 


YT :Optics reflectance 


Si 


TABLE 4 


Dimensions of the Detector Element 


ER LGEeE DIMENSION OF DETECTOR 
ALTITUDE ELEMENT 
(m) Cum) 


R :responsivity=2°10* (V/W) 
Ix: Spectral radiant intensity of the source 
tM :Spectral atmospheric transmittance 

The above relation can be further simplified using 
instead of the spectral transmittance an average one as we 
determined in Section..G.of »ChaptervIIIe i,e.¥ O47 
Midlatitude summer and 0.4259 for Tropical atmosphere. 

Taking Tala) outside of the integral then the quantity 

T> da becomes simply the inband radiant intensity of the 
source Which has been calculated in section D of chapter 
III. Hence the signal voltage formula becomes: 

Vs=Ae re R°te1,,/ (PATH)? 

In order to determine the signal voltage due to all the 
available point sources inside the I.F.V. we use the super- 
positvon prineup le: . 

Vs=[AsreR*Ea/ (PATH) [t+ iget, +l + Teo ne | 


o)¢s 


C. NOISE VOLTAGE 


The noise voltage is due to two main factors, namely the 
background noise that is created from the background radiant 
intensity and the noise from the optical system. 

In Section E of Chapter III we determined the radiant 
intensity of the sea region that the detector observes and 
we named Iw (W/Sr). The wmonse evoltace of this reason will 
be: 

Vue= Ae te R°Te lw / (MK ) * 
where MK is determined in Figure 4.3 and indicates 
the average path between the observed sea surface 
and the detector. 

The noise signal due to the optical system is given by: 
Ret. 12]. 

Vwo=Re (Ag Af) # /D* 
where 
DP sDetectivity with average value 9°101! [em(Hz)?7?7/W] in 
the wavelength range %»=4.435pm to Az5.00um 
Ag:Area of the detector as determined in previous section of 
the present chapter. 
R :Responsivity 
Af :equivalent noise bandwidth 
The equivalent noise bandwidth is given by 

At=1/2Ce 

where 
Gieawell time (time required for the image of the target to 
pass across the detector). 
and Ta=wec/8 
where 
c:number of detector elements (1 for our case) 
O:Time rate of search. 
and 

Q=Q/Te 


where 
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O:size of search £fveld int (sa) 
G: frame time (time required to scan the entire Searen 
field). For our case we chose 1l10msec. 
Therefore 
Af=1/2G=Q/2°w*c=Q0/2*wecele 


DETECTOR 


Figure 5.4 Total Detector Search Field 


In Figure 5.4 you will find the geometrical representa- 
tion of the total search field which will have total length 
of 1000m and is scanned by the detector in =10msec. 

The total solid angle that the search field subtends at 
the detector is: 

Q= dQ 
dO=dx*SIDE/@? 
t7=(PATH)7—-x? 
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dO=[SIDE/ (PATH) ?2-x?]*dx 
Q=(SIDE) dx/(PATH)?2-x? 


samnce) (PATH)? >500° always, from the tables we get: 


Q=(SIDE)/2(PATH) [1n((PATH+x)/(PATH-x) )] 
= (SIDE) /2(PATH) [1n( (PATH+500)/(PATH-500)) 
-In((PATH-500)/(PATH+500))] 
=((SIDE)/2(PATH) )*1n[ (PATH+500) /(PATH-500)]? 


Q=( (SIDE) / (PATH) )*1n[ (PATH+500)/ (PATH-500) ] 
Therefore 
AE (1/2 (SIDE) %e*Cs) * In| (PATH+ 500) / (PATH-500) | 
The total noise voltage is 
Vn= Vag Vito 
ane the Signal to noise ratio is: 
Vs/Vn=Vs/ (Vugt Vuo) 


imetieunes 5.5 to 5.22 we cam see the summary jof the 
results of the above calculation for all the possible combi- 
nations of the relative parameters. 

In Appendix D we can see the influence of sky condition 
Eomo/N ratio for the two extremes flight altitude i.e. 50 
(m) - 100 (m) and for all the combinations between atmos- 


pheric profile and paint emissivity. 
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VI. RESULTS AND DISCUSSION 


A. “SHEP BODY TEMPERATURE 


‘Tables 5 to 18 of Appendix A show the effects of the 
ship internal temperature, atmospheric profile, ship body 
paint emissivity, sun elevation angle and sky condition on 
the ship body temperature. 

For both horizontal and vertical faces higher@ioasne 
emissivity and ship internal temperature result in higher 
ship body temperature. Higher internal temperature corre- 
sponds to less ship body heat losses towards the internal 
compartments. Moreover higher paint emissivity (absorp- 
tivity for gray paint) corresponds in higher solar energy 
absorption and, for the 300K ship body temperature level, 
the dominant mechanism of heat transfer is that of convec- 
tion. Hence the increase of the paint emissivity does not 
correspond to a significant increase of the energy radiated 
by the ship body, and the net result is an increase of the 
ship body temperature. 

The sky condition appears to be significant as well. The 
more clear it is the more. solar energy there is incident on 
the ship, resulting in an increase of its body temperature. 

As far as the atmospheric profile is concerned, the 
Tropical Atmosphere results in higher body temperature than 
that of Midlatitude Summer since the ambient temperature is 
higher and the ship body heat losses towards the environment 
are less. 

The sun elevation angle above the horizon affects 
vertical and horizontal faces in different ways. We know 
that the incident solar energy at sea level is an increasing 


function of the elevation angle. For an horizontal face the 


~ 
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temperature appears to be an increasing function of the 
elevation angle, the sine of which is used for the calcula- 
ELon of thes ,incident angle effect. For . vertical faces the 
cosine of the elevation angle is used and the temperature 
appears a maximum in the vicinity of 50°. The explanation is 
Enat, up to this value, the increasing effect),of |jthe solar 
energy dominates the decreasing one of the cosine function. 
After the value of about 50° the first derivative of the 
solar energy function becomes small and the cosine behavior 
dominates so that the net result is a decreasing temperature 
MmimetiLon from 50% to 90.".. 

As we see in the ship tracked area geometric analysis is 
Consct.tutced..from.both. verntical and, horizontal, faces,. but» the 
vertical ones have much larger projected surface areas. 
Therefore the radiant energy from the tracked area is due 
mainly to that of the vertical faces and as we will see from 
the S/N ratio results they appear maximum at a value of 


elevation angle close to 50°. 


Poe) DETECTOR S/N:RATLO 


macures 3.9 FO 5.22 Show the effects of the sky condi- 
tion, sun’ elevation angle and missile flight altitude on the 
detector S/N ratio. 

In general we observe that the Varratwon, of the S/N 
Pareo 15 Similar to that of the ship body temperature. That 


means that the radiant energy from the ship body due to its 


temperature is the main thermal source for the detector. At 
Eas poLnt, ie LS useiul to wdiscuss tthe influence of the 
Seack exit plane thermal radiation. From our calculation we 


know that the radiant intensity of the CO in the stack exit 
plane has a magnitude of the order of 10*% (W/cm?Sr) and that 
@eachne Ship body of the order of 10° to 107. Moreover the 


Stack exit plane area is much smaller than the total tracked 
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area and°> the ‘stack’ exit ‘radiant’? flux “is “stenriveanes, 
smaller than this of the ship body tracked surface. 

Sky condition ‘and the paint emissivity affect S/N ratio 
Similarly to the ship body temperature. The more clear is 
the sky and the higher is the paint emissivity the higher is 
the S/N ratio. 

The atmospheric profile affects S/N in a different way. 


While the Tropical Atmosphere gives higher ship body temper- 


ature, ‘it ‘results in lower “S/N ratios comparing’ wilt ene 
Midlatitude Summer. The - explandtion for that’ is’ *thaeerne 
increase of the ship body radiance, due to its temperature 


increase, is less than the background noise increase (higher 
sea temperature). Moreover the atmospheric transmittance in 
the 5um window for the Tropical Atmosphere is about 10% less 
than this for Midlatitude Summer. 

The missile flight altitude appears to be important as a 
parameter. The’ higher 2atiis the’ lower is’ the’ S/N "ratwageane 
this decrease is higher between 50 to 70 (m) than between 70 
to 100 (m). The explanation is that although higher missile 
flight altitude corresponds to lower background area (sea), 
the path between missile head and ship becomes’ larger and 
its Square appears in the denominator of the signal voltage 
formula. Therefore the net result is to give lower values of 
S/N Eatioe. 

The influence of the sun elevation angle above the 
horizon is similar to that on the ship, body temperaturesand 


it has been discussed earlier. 


C. RECOMMENDATIONS 


Based on the relative influence of each parameter which 


has been varied in our analysis we recommend: 


From the ship design point of view, lower internal 


temperature or, when it is not feasible. better wall 
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insulation, especially in the area where significant heat 
Pecenatlon existe. Im addition to ‘that, paint of low emis- 


Savity and absortivity is desureble. 


From the missile point of view we recommend lower flight 
aecatude. At this point we must notice that, lowering the 
flight altitude, we will reach a point where the background 
auea (sea) will be very large, resulting in higher back- 
pround noise and the coast or even the sun itself could 
constitute background noise for the detector. Therefore the 
flight altitude must be determined, in a certain design, 
accounting for all these conflicting parameters. Another 
Poeuucion Could<berw thesuse of higher flight altitude, that 
assures us low background area, and to improve the detector 
Speaes design that will balance the loss of the signal 


voltage due to the greater path length. 


KT 


APPENDIX A 
TABLES FOR SHIP BODY TEMPERATURE 
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TABLE 16 
Path in Meters for Flight Altitude 


60 m 


2.50 PHI=3.00 PHI=3.50 PHI=4.00 


5.100 


4.50 PHI= 


PHi= 


2007 PHI 


PHI= 


DELTA 


DrNOVDDTODDOTOONNNS OMAN 
DFODFANAAONDANAOWNANARSTNOCO 
PFADNOFADMNSANDRSNIANOONMADNS TS 
ODA SFPPFNAIMMIAMIANNNANN SAS 
Ne Nee Neo Ne NeNoNe Nee) NoNeNeNeoNeNeNe\NoNeXeNe) 


MSS NONTFRDDODOMNMNTOMNMNSSr4 
NAQDQQDOOOFN TAR DAMNODNIAG 
NDNWOMOMTFAOMNNDOMHOWNNOMS 
MANANNAARHOODODANADAOADOAOMNM™ 
PSPSPS ESE ES ESSERE ERR OOO WOWOUO OOOO 


ATFODMNODTFORTORTADAMHT NCO 
NAMNODNATFONWOOMNONOOMAONO 
DAFNMNOONDNNaOM Hot ay~st oo 
AAHAHODODDAOADAONNMRODUMNNIN TS 
COCO COCO COCO NINN INN IN NIN INRA 


OF AADAODNANNAOMOONMOTN 
SRODOMMAONUOAOFNRTOONMNH 
DFHDTFONDOMNAONYONOTFONSSMS 
NANAIMO ODDDOAOMMOUWUOMNTFTM 
DADNDNNANDA MBM O ACO Bcc cM cCcoOc co 


AFR NANDOODDMFANANDAOOMMAIM 
OAMOONODOOOM OHO AONOS 
FOAM ADAYNONMNANDSTONMaAWOOW 
PODINDTTNNNARAODDDOOMMOUN 
CODCOD OOOO OOODANAHAHAHAAADG 
a ed et ede ra med pe rod FN ed 


FAD RTF AONWODOTFMOFONDOAADD 
OMNODHDONTDTOOMMOAOMMHNOWM 
TUF UDI COD ONS Drast OCOMHAM WON 
POMFNANAGONOMOUOMTMNMINAO 
NNNANNNNNANNN A AAAs 
Tn I fn cf ef ec cee ce con 


FIT ONMFMONMNTFHANMNNIHOW 
DOWOTFAOMTONMNONRTIORNOW 
“NOW FAOWN NDMTNODMSONTFOMAN 
OFOANODWDOMNFMNODAOMONTFMA 
VDF LAF FFSFPFTTIMMAM M.I.A 
DS VN oN I I Ic Uo fc fe Foe 


ONTFWODOATFTODOASFWODONTOMO 
NNANANANM MMM MFFFTFNOMNMMAWIWO 


Oyo O\ ey Sei, cee Sie ile fey elo w)) ce al ie.) ovmte| Jee vat el. ®, 


OOOOOOOOOOOOOOOO0C0COOo 


OOOO OCOCOOOOOOOOO0O00000 


LO7, 


TABLE, 12 
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TABLE 18 
Path in Meters for Flight Altitude 
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TABLE 20 
Path in Meters for Flight Altitude= 80 m 
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TABLE 21 
Side of Instantaneous Field of View in Meters 
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TABLE 22 
Path in Meters for Flight Altitude 
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TABLE 23 
Side of Instantaneous Field of View in Meters 


100 m 


for Flight Altitude 
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TABLE 24 
Path in Meters for Flight Altitude 
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TABLE 25 
Data Used for Month October 


CARD 1 


Midlatitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T and P|) Profile _- 
Midlatitude Summer Water Vapor _ Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 
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CARD 2 


Navy Maritime Extinction 

Pall - Wanter — 

No Stratospheric Background 
Medium Continental Influence 

No Cirrus 

Not Used . 

Meteorological Range(Km 

Current Wind Speed (m/s 

.09: 24 hours eee Wind Speed (m/s) 
O : Rain Rate (mm/h) 
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From Section G of Chapter II : Initial Altitude 
Rrom Tablie 22) + Final Altitude 

-- : Not Necessary to Define 

From Table 22 : Path Length 

== § Not Necessary to; Derine 

a= £ Not Necessary to Define 

O : Normal Operation 


2259) 3% Indtdval Frequency 
2000 : Final Frequency 
10 : Frequency Increment 
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TABLE. 27 
Data Used for Month November 


CARD 1 


Midlatitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midilatiteude Summer 1 ‘and P) Profile, 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 
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CARD 2 


3 Navy Maritime Extinction 
2 Wal Wanter — 
QO : No Stratospheric Background 
5 : Medium Continental Influence 
®  & Wo jerrris 
0 Not Used 
10 _: Meteorological Range (Km) 
2.09: Current Wind Speed we 
27098 hours Sposa ee Wind Speed (m/s) 
O : Rain Rate (mm/h) 


CARD 3 


From Section, Cyot Chapetr Li ; Initral Altitude 
Form Table 22) + Fanal Altitude 
== : Not Necessary to Define 
From Table 22) = Path Meneth 
== EE Not Necessary to Detine 
-- : Not Necessary to Define 
O : Normal Operation 


22559, 5 initial Frequency 
2000 : Final Frequency 
10 : Frequency Increment 
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TABLE 29 
Data Used for Month December 


CARD 1 
2 Midlatitude Summer 
Z Slant Path Between Two Altitudes 
0 Program Execution in Transmittance Mode 
2 Midlatitude, Summer T.and, P Profile. _: 
Z Midlatitude Summer Water Vapor Profile 
2 Midlatitude Summer Ozone Profile 
0 Normal Operation of Program 
0 Normal Operation of Program 
0) Normal Operation of Program 
0 Normal Operation of Program 
CARD 2 


3 Navy Maritime Extinction 

2 BFalii< Winter — 

Q : No pus anospherie Background 
5 : Medium Continental Influence 
@ = No Cirrus 

: Not Used 


il Meteorological Range 
2.05: Current Wind Speed. 
2, O52... 2 owas Sen gee Wind Speed (m/s) 
QO : Rain Rate (mm/h) 
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Brom) Section G.of Chapter Il 2: Initial Altitude 
From Table 22 : Final Altitude 
-- : Not Necessary to Define 
Brom! Tablle 22) : Path enegth 
=~ Not? Necessary to Det ine 
-- : Not Necessary to Define 
0 : Normal Operation 
CARD 4 
225.012 initial Frequency, 
2000 : Final Frequency 
10 Frequency Increment 
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TABLE 31 
Data Used for Month January 


CARD 1 


Midlatitude Summer | 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Madiarrtude Summer T and P) Profile 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 
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3 Navy Maritime Extinction 
2 Fall, = Winter ., 
Q : No Stratospheric Background 
5 : Medium Continental Influence 
O & No jCtrrus 
0 Not Used... 
15 _: Meteorological Range 
2.06: Current Wind Speed 
2.06: 24 hours Mea Wind Speed (m/s) 
O : Rain Rate (mm/h) 


From Section G of Chapter II : Initial Altitude 
Beom) Table22) -- Final Altitude 

-- : Not Necessary to Define 

From Table 22 ; Path Length 

iF. ti—NOt-Necessary--to- Define 

-- : Not Necessary to Define 


QO : Normal Operation 
CARD 4 
2255 Initial Frequency 
2000 : Final Frequency 
10 Frequency Increment 


23 


GOL tO 


hOLH'O 


hOLh’O 
EOLh-~0 


cCOLH’O 


TOLH'O 


669h°O 


869h°O 


hOLh’O YUUOW! ay, JO asdeuaay [eo] 


Oran 20 SO e0 90Lh°O 


Sancll Eecl 
(wy ) (ut) (Wy ) 
080°9 040°0 090°0 


Atenuer yAUoW TOF saouejAtTusuery sdersIAy 


ce WIdv. 


60Lh'O 


[Leys 10) 


eat ad) 


OTLh’O 


6O0Lh'O 


BOLH' 9 


JOT a0 


(ivy 


CUD) 


0S0°0 


PPnITtiatyY 
dad a33euaaay 


(uy) 220°0 
Ci) Edo 0 
(uy) 8T0°O 


CULE SCO © 


AGNALILTV 
IVNIA 


124 


CARD 1 


OOOOMMNON!y 


CARD 2 


From Section ¢ of Chapter Ii 
From Table 22 : i 


From Table 22 


TABLE 33 


Data Used for Month February 


Midlatiitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T-~and P Profile — 
Midlatitude Summer Water Vapor _ Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


Navy Maritime Extinction 
Haliien Witmter — 

No Stratospheric Background 
Medium Continental Influence 
No Cirrus 
Not Used <— . 
Meteorological Range (Km) 

Current Wind Speed (m/s) 

4 hours ies Wind Speed (m/s) 
Rain Rate (mm/h) 


Initial Altitude 
Final Altitude 
Not Necessary to Define 
: Path Length 
Not Necessary to Define 
Not Necessary to Define 
Normal Operation 


Initial Frequency 
Final Frequency 
Frequency Increment 
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CARD 1 


OOOCOMMNMON!rr 


From Section G Got ‘Chapter IL 
From Table "22 j 


From T 


TABIGE. 35 
Data Used for Month March 


Midlatitude Summer i 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midtarwtudetsummer T and P Profile. _- 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


Navy Maritime Extinction 
Fall - Winter 

No Stratos 
Medium Con 
Noy Cirrus 
Not Used > . 
Meteorological Range (Km) 

Current Wind Speed (m/s) 

24 hours ES Wind Speed (m/s) 
Rain Rate (mm/h) 


heric Background 
inental Influence 


Final Altitude 
Not Necessary to Define 
able 22 :; Path Length 

ot Necessary to Deine 
Not Necessary to Define 
Normal Operation 


Initial Frequency 
Final Frequency 
Frequency Increment 
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TABLE 37 
Data Used for Month April 


CARD 1 


Midlatitude Summer 

Slant Path Between Two Altitudes 
Program Execution in Transmittance Mode 
Midlatitude Summer T and P Profile | 
Midlatitude Summer Water Vapor Profile 
Midlatitude Summer Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


OOOOMNMNMONM!y 


CARD 2 


3 Navy Maritime Extinction 
2 Fall - Winter . 
OQ : No Stratospheric Background 
5 : Medium Continental Influence 
@ }3 No) Cicrus 
0 Not Used 
15. _: Meteorological Range (Km) 
2.12: Current Wind Speed (m/s) 
2. U2? 24 hours Aver Ee Wind Speed (m/s) 


0: Rain Rate (mm/ 
CARD 3 

Erom, Section G of Chapter II : Initial Altitude 
From Table 22 : Final Altitude 
-- :_Not Necessary to Define 
From Table 22 : Path Length 

-- : Not Necessary to Define 
-- : Not Necessary to Define 

O : Normal Operation 
CARD 4 

2255 Initial Frequency 

2000 : Final Frequency 

10 Frequency Increment 
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TABLE 39 
Data Used for Month. May 


CARD 1 
MODEL ui Tropical Atmosphere 
TP 2 Slant Path Between Two Altitudes 
IEMSCT 0 Program Execution in Transmittance Mode 
M1 i Tropical Temperature and Presure Profile 
M2 i Tropical Water Vapor Profile 
M3 1 ELopueal Ozone Proiile 
IM 0) Normal Operation of Program 
NOPRT Q Normal Operation of Program 
TBOUND 0 Normal Operation of Program 
SALB 0 Normal Operation of Program 
CARD 2 
ZE 3 Navy Maritime Extinction 
ISEASN I) Spring - Summer 
IVULCN 0 No Peet EeePeee le Background 
ICSTL 5 Medium Continental Influence 
ECUTR 0 No Cirrus 
IVSA 2 0 Not Used . 
VIS : 15. _: Meteorological Range (Km) 
WSS : 2.02: Current Wind Speed (m/s 
WHH fee 2 O22 Grou s ees Wind Speed (m/s) 
RAINRT : 0 |: Ragn Rate (mm/h) 
CARD 3 
Hl ; Erom Section/G: of) Chapter PL : Initzval Altitude 
H2 ; Brom Mables22 <<: Final) Altitude 
ANGLE ) =- | Pi uNet Necessary to, Define 
NG From Table,.22. : Path Length 
BETA =="{* Not Necessary to: Define 
RO , -= »: Not Necessary to: Define 
LEN : O : Normal Operation 


V1 J2259 2 Inataad hrequency. 
V2 : 2000 : Final Frequency 
DV 7 ie 8) Frequency Increment 


ES ial 


(Echoahe (0) 


OW FGau teat 


Gzc 0 


63¢ tim0 


892° 0 


SMeNeaup Ww 


WIG tt 20 


Ecine 0 


692h°O = YPUOW 34} JO aBedaAy TeIO] 


SehG ine 0 B892h 0 LAG i. 40 
8 


ETO 8) 
69h 0 OLEH 0 Cac 0 
BI:Camns50 6.9 Chen. 0 
$92h°O 


NSS AMO) LOC te @ OLZ2h' 0 


(Wy ) (uy ) (UD) 


080°0 0240°0 090°0 


Aew yquopW TOF soouej,Atusuet] sderlsaAy 


OF HIAVL 


epnirtity 
Jad a3euaay 


(uy) cz0°0 


CUD, e050 


(uy)  8sT0°0 


(EID) = YTOR 0 


(uM) cTto°O 


CUD) 00% 0 


(UN) 00°0 


AGNLILIV 
—TWILINI 


ACNLILTV 
‘IWNId 


LS 


TABLE 41 
Data Used for Month June 


CARD 1 
MODEL ie Tropical Atmosphere 
BYP 2 Slant Path Between Two Altitudes 
IEMSCT 0 Program_Execution in Transmittance Mode 
M1 i Tropical Temperature and Presure Profile 
M2 i! Tropical Water Vapor Profile 
M3 iL Tropical Ozone Profile 
M 0 Normal Operation of Program 
NOPRT 0 Normal Operation of Program 
TBOUND 0 Normal Operation of Program 
SALB 0 Normal Operation of Program 
CARD 2 
ZE é) Navy Maritime Extinction 
ISEASN 1 Spring - Summer 
IVULCN =| @ No Stratospheric Background 
ICSTL ;| D #¢ Medium Continental influence 
ICIR 7} 0 &. No Cirrus 
IVSA 0 Not Used 
VIS : 12. _: Meteorological Range (Km) 
WSS a(2.05+ Current |Wind| Speed" (m/s) 
WHH et Divo en 2 Gu HOuUrS 2 Eos Wind Speed (m/s) 
RAINRT *|'O' = Ragan Rate Gon/h) 
CARD 3 
sia 1 |Erom) Section GC of Chapter. ll) : Initial Altitude 
H2 , }Hrom! Table 22! Final Altitude 
ANGLE =— | 3 Not Necessaxy to. Define 
NG , from) Table 22) : Path Length 
BETA si-- + Not, Necessary to Deiine 
RO ti-= 28 Not) Necessary to Define 
LEN 2) © + Normal Operation 
CARD 4 


V1 si2299) > Initial Frequency 
V2 >: 2000 : Final Frequency 
DV et llQ Frequency Increment 
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TABLE 43 
Data Used for Month July 


CARD 1 
I Tropical Atmosphere 
2 Slant Path Between Two Altitudes 
0 Program_Execution in Transmittance Mode 
i Tropical Temperature and Presure Profile 
Al Tropical Water Vapor Profile 
1 Tropical Ozone Profile 
QO : Normal Operation of Program 
QO :* Normal Operation of Program 
QO : Normal Operation of Program 
0 Normal Operation of Program 
CARD 2 
3 Navy Maritime Extinction 
HI Spring - Summer 
© saNo|Strakospherice Background 
5 : Medium Continental Influence 
@ 2°No |Cirris 
0 Not Used 
1 Meteorological Range oy 
2.15: Current Wind Speed (m/s) 
Zi Dien 2 AO UEAS eee Wind Speed (m/s) 
0 "% Radin Rate (mm/h) 
CARD 3 
From Section G of Chapter II :; Initial Altitude 
From Table 22 : Final Altitude 
-- : Not Necessary to Define 
From Table 22 : Path Length 


==" Not Necessary to Deline 
-- : Not Necessary to Define 


O : Normal Operation 
CARD 4 
2259) + Inaitiah Frequency. 
2000 : Final Frequency 
10 Frequency Increment 
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TABLE 45 
Data Used for Month August 


CARD 1 


Tropical Atmosphere 

Slant Path Between Two Altitudes 
Program_Execution in Transmittance Mode 
Tropical Temperature and Presure Profile 
Tropical Water Vapor Profile 

Tropical Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


OO00OrrHH+HOMr- 


3) Navy Maritime Extinction 

i Spring - Summer 

0 1+ ao epeabospher ie Background 
5 : Medium Continental Influence 
O loANo) (€irxzus 

Z Not Used 


Hl Meteorological Range (Km) 
2.20: Current Wind Speed (m/s) 
2.202 JE" hours eae Wind Speed (m/s) 
O° Ts” Rain Rate Gmm/h) 
CARD 3 
Erom (section (Gyof !Chapter Ti: Tnitatal Altitude 
EFrem Table 22 .: Final) Altitude 
-- : Not Necessary to Define 
From Table 22 : Path Length 


==—)¢-Not- Necessary to,-Detane 
== |: INOt Necessary ito) Define 
© |: Normal Operation 


2255 : Initial Frequency 
2000 : Final Frequency 
10 : Frequency Increment 
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TABLE 47 


Data Used for Month September 


CARD 1 


(Slolete) a) OI h 


CARD 2 


»*§ WOOMWOHFLW 


CARD 3 


From Section G of Chapter II 
From Table 22 


-- se 
From fae PLD 


Tropical Atmosphere 

Slant Path Between Two Altitudes 
Program_Execution in Transmittance Mode 
Tropical Temperature and Presure Profile 
Tropical Water Vapor _ Profile 

Tropical Ozone Profile 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 

Normal Operation of Program 


Navy Maritime Extinction 

Spring - Summer 

No peeps pucr te Background . 
Medium Continental Influence 

No Cxerus 

Not Used 

Meteorological Range (Km) 

Current Wind Speed (m/s 

24 hours EG a Wind Speed (m/s) 
Rain Rate (mm/h) 


: [ Initial Altitude 
Final Altitude 
ot Necessary to Define 
: Path Length 
of Necessary to Define 
Not Necessary to Define 
Normal Operation 


Initial Frequency 
Final Frequency 
Frequency Increment 
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APPENDIX E 
COMPUTER PROGRAMS 
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